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Densaity L
Peak crushing stranse 1 /_;,
1
C. Description of the Tests
The tegts were performed in the '"Old Jronaldes' impact facility //
located at the Ceneral Tlectric Company Missile and Space Divislon, In /
/
each test, the specimen, mounted on a relatively massive fixture, which //
. //'
wan free to move along the line of impact, was impacted by the project? fe.

An acceleromater, attacherd at the rear surface of the mounting fixture,

tranemitted to the mount via the specimen during the im-
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senged the forc
pact, Pertinent information anplying to the tents are preeentad in Table L.
Deraleration waa obinined directly from a Statham A5.500-35C strain

gage type accelerometer for nll tests excopt teet no, 22 which employed an

Endevco Type 2225 piezoelectric accﬂarometer whoea output was run through

a low pasas Glennite filter,

D. Results

The results are presented in figures 1.25 angl summarized in Tables
2~4. In figures 1-15, Actual nccelerometer racords are presented together
with pictures of the specimens after impact., Plote of the ratio of compres-
give stresz/density vereus unit axial shontening reduced from the accelero-
meter recorda are shown in figuren 16-23 inclualve, The region of axia
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vored in the plotn i within the effective test Interval and in
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T gonect 508 e anergies ware o] toulntart famms tn famerain.

wo= il g !
(T e A |

-

whm@ﬁ ie the thicknees sfficlency, Values of ,ﬁ need wers ne fnilowe:

Material V3

Plastic honeycomb 9

Aluminum honeyecomb ., B lohtained from these teats!
TAnizn wond . 3

Values nf poecific energles are shown nlotted againegt their correspondin
impact velorition in Tigures 24 and 25 for the nylon-phennlic and aluminum
honeycomhe resnectively, Two curves o qpecw*r energy are shown for each material,

K, and K,5. K, is taken from the average strees which the material exhihits

hefors the nrojectile impactes on the buffer ring in e:he impact apparatus, The
: pro; P f :

/

nterval hetween initial impact of the proiectile in the specimen and the subsequent

imnact againet the huffer ring ie called the teat interval pince during it, the
motion of the nrniectile ie resisted only by the gpecimen and its axially

unrestrained mount. Unon examination of the accelerometer records, it

Hy

became evident that beyond the ragion of initial transient responsge of the specimen

a rogion of rather conatant atrens usually was preeent. Thie constant level wae

congidared to be more significant to an evaluation of the specific energy than the

initial responee, which in many cases comprised a significant part of the test
interval, The value ¥, representa a snecific energy which includes the initial

renponae of the matevrial, Mo on the other hand, reprezants the anecific energy

nf ohe manterinl when it has renched nugsleatoedy sinte asrushing and nrobably i
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more indieative of ¢ dasion value, Ralerring
decrease with velocliy after peaking At the velocity f.ﬁf 166 {1, /perc, The rennon
‘ for the peaking is presently unexplained, The general r’\e-r:zz‘,vr::f 5{2 and X, wifth
velocity ‘s noeasihly linked 40 the effect of entrapped air in t‘w cella, although
the restriction of about 20% unit axial shnriémng in the tnqt interval does not

support thig, Strain rate effect may he partially responﬂb)e. In any event,

it doer appear that the performance of at leagt this type of flherglanes honevcomd
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ne noted that o vaiue

in deleterio vn’\;r anffnpctnd =‘wy n-'fy heor "'T"V*(‘" o ﬂfnc

of enecific enevay of 22, 790 £1, wae oblained when material from *ke z2ame log

28 that tagted in the gun was impacted in the drop tester at a velocity of 25 ft./eec,
In addition, the high specific energy of the material {g indicated hy its static
o '
compressgion stress value of 1360 psi minimum,
Turning now to Figure 25;/ it is evident that the apecific energy of the

v . i

aluminum honeycomb defini/téiy increases with impact velocity, The curve for
K5, which refers to the ststained value of atregs, eweens decidedly upward

/
beyond a velocity of & ‘30 ft. /ser. and at V, = 476 ft, /aec, K; is 187 hipgher than

at V, = 102 ft, /eec. Both X, and K; curver tend very well toward the static

augtained rrusghing value of 110690 b, 1, /1h, as obtained from the supplier,

Az contrasted with the nlastic honeycomb, the behavior of the aluminum
specimens was extremely orderly and free of breakup., Only the specimen of
teat No, 13 {Figure 9 ) exhibited a pond failure, and this was not a majlor one,

On the other hand, imnroving the bond atréngth of the plastic honeycomb

reaterinl wi'l undouhtedly sreatly imnrove 128 serformance, eince the bBreakep




. - - - 3 . B
Yenting renviremente should ba analyred and verlZiod hy suxnerimernt,

4

L, The effect of ohilgue impact on the performence of honeyromhe
“under impact at high velocity ghould he evaluated

experimenially,

/

}
5, The effect of higher impact velocity on the energy absarption pere

formance of other ueaful materials than honeyeomhbe shonld he avalunted
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Specimen crushed from both ends, considerable
celamination
‘Same as tegtno. 1

e, overall column type
ric crushing

; with shorter length

0

Specimen was entirely fragmented

‘Specimenwas entirely fragmented

Specimen crushed uniformly from impacted end, no
delamination
' Specimen crushed {rom both ends; a minor delamina-

v

43y
tion produced ecceniric crushing
impacted end

1

f
Specimen crushed uniformly from i
 Specimen crushed wmiformly {rom both ends
Same as teat no, 1%

L 3 1K,
Same as test noe, L&

Specimen was entirely fragpmented
Snecimen snlintered anart and huckled
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cell size, .0203 in foil 1
thickness

-
i

ja]
1

wn

oo

S
[



e

R

v mﬂ»ww ¢

AV

R

A T




o
et '
Lo

i

AT
ACCOTLEROMTTER BRI




i

xe P

* t [ ™ T et
g . G Lo i

b

§ I |

N by . k]

sy

RS : AR

RS




o

a SR

ACCELERO

T AT R o v st

U

SRR

g

o

o s o

ST T Y

y !
ROLAS




ACCE

T

Bt Fos

hakel

LERLC

+

1

g

N, &)

N

Y

METER REC

TN

OF AND

PRECIMEN AFTER IMPACT

BER

o
§

T
.

ONE

~ 4 PR
sl

Yoo

AR




AT T ot ¢

3

(Specimen was entirely fragmented, ) :

ORI AND GPECIMEN AFTER TMPACT
SLASS HONTYCOMB

S ekl
il

e,

FROM LERT




bt ,

et
Py § Oy e
z

S

W
'

{Specimen was entirely tragmented,’

nOIMEN AFTER IMPACT

WMOOND ANTD 5FEC
: SLASS HONEYCOMB

PR B ek it sl

“* AT

Pt Bd el

EROMETER R
RL 8

- N L

ok




' _
Nwgore s ey HEP

> h.?v‘v‘»‘}:““u

A

.

s
Y

B

orLE

SR

=T ND
EER LAY -

DAND SPECIMEN AFPTRER IM

VILUIRTINGN HONTIYOOME

LIFA Y h
Py L
DARE S ¥y

PACT




B P St s gaes e - -
I
o
- .
° i
! i

-
i
|
-
4
.

.. o .
L At 3

o 1
s
a
i
1y .

oS : oo T T TP S PN — y

-
A
N PR B i
" R e
- ! ey ST A 1 VRO AL AT St 8

B Y Je—
. e R

N

—
e

L s,

. v~v|\4~-|u~\hvﬂ~“"“‘\\‘\

B

_«.gw Y

A

{Front View of Impacted End)

TOIVEN AFTER ALV ACT

N g:’ .is'v.f'{ ¥ < M‘“\, tr“ A 3‘” "‘

¥

o ‘Ij"fjf "
LT




xq

A

pk

i

SN ]

R4




ANTDY
s e

-y
e R

Sy L

I

~ g

&y

e wy

St

V,L.u

YYRTINII AL TY{ é'\?

) "L




,..‘,_.”

:!‘l'n '%

a

20 ser, /

0

{2

»

T

“rtie

&

ne

s
LS

"mpacted

¥

-
Y

TINAY

U
”

VAT T
¢ S )

Yy 4 Y
ATWITIRA TI0Y

‘f;‘%

¢




{Front View of Imoacted End)
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~TEST NO.2
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LESSCDENSITY RATIO VS, STRAIN FOR NYLON-PIHENOLIC
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Fig, 17 TY RATIO v STR. i,, FOR NYLON.p7 ENOLIC
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